Introduction
============

Many studies have shown increased levels of vascular endothelial growth factor (VEGF), monocyte chemoattractant protein-1 (MCP-1), interleukin-6 (IL-6), and interleukin-8 (IL-8) in vitreous samples from patients with proliferative diabetic retinopathy (PDR) \[[@r1]-[@r4]\]. Levels of MCP-1, IL-6, and IL-8 correlated with VEGF levels in vitreous samples from patients with PDR \[[@r1]\]. Higher levels of VEGF and IL-6 correlated with disease activity \[[@r5]\]. Higher levels of IL-8 were found to be associated with pronounced ischemia and worse visual prognosis \[[@r6]\]. Some studies have shown higher levels of interleukin-1β (IL-1β), tumor necrosis factor-α (TNF-α), and macrophage inflammatory protein-1β (MIP-1β) in vitreous samples from patients with PDR compared to the control group \[[@r2],[@r7],[@r8]\]. Changes in cytokine levels have also been observed in serum samples from patients with DR \[[@r8]-[@r11]\].

Leukocytes, especially lymphocytes, have been shown to have an important role in the development of DR. Increased leukocyte adhesion and leukostasis lead to capillary occlusions and breakdown of the blood--retinal barrier \[[@r12]\]. New blood vessels start to grow in the process of angiogenesis which is induced by progressive ischemia. Angiogenesis is followed by fibrogenesis, and newly formed vessels are progressively transformed into fibrovascular membranes (FVMs). The neovascular tissue in the FVM contracts with time, and consequently, can lead to vitreous hemorrhage or tractional retinal detachment with serious vision loss. T lymphocytes and macrophages are involved in angiogenesis and fibrogenesis. T lymphocytes and B lymphocytes have been found in the vitreous and in FVMs of patients with PDR \[[@r13]-[@r17]\]. Kase and coworkers demonstrated that T lymphocytes in the FVM correlated with the progression of PDR and were associated with poor visual prognosis \[[@r14]\]. In a previous study, we found no association between lymphocytes in the FVM and visual prognosis \[[@r17]\]. Monocytes/macrophages have also been found in the neovascular tissue of the FVM \[[@r12],[@r14]\].

Proinflammatory cytokines cause the activation of leukocytes, chemokines promote the migration of responsive cells, and growth factors like VEGF promote angiogenesis. The mechanisms of regulation and mutual influences of various cytokines are complex and not completely elucidated yet. The purpose of this study was to investigate the levels of cytokines in the vitreous and their correlation with the density of inflammatory cells in the FVM of patients with PDR to get a better understanding of the interactions between cytokines and inflammatory cells at different stages of disease activity.

Methods
=======

Patients
--------

Thirty-three consecutively operated patients with PDR and tractional macular detachment requiring vitrectomy (mean age 63.27 ± 11.90 years; 16 men and 17 women) and 20 patients with macular hole (mean age 71.2 ± 10.2 years; eight men and 12 women) were enrolled in the study. Exclusion criteria were recent retinal photocoagulation (less than 6 months), previous vitrectomy, glycated hemoglobin (HbA1c) higher than 10%, and any other ocular disease or known systemic inﬂammatory or hematologic disease. Written informed consent was obtained from all patients. The study was approved by the National Ethical Committee (National Ethical Committee number 118/12/2011), and was performed in compliance with the Declaration of Helsinki. The study adhered to the ARVO statement on human subjects. All patients underwent a complete ophthalmologic evaluation before surgery with best-corrected visual acuity (BCVA) determination, slit-lamp examination, fundus examination, intraocular pressure measurement, gonioscopy, and optical coherence tomography. The activity of disease was defined based on ophthalmologic evaluation (preoperative and intraoperative). A clinical preoperative and intraoperative assessment of disease activity was performed by two experienced retina specialists (MU, MGP). The activity of the disease was categorized as active PDR when there were perfused capillaries in neovascular membranes, or as inactive or quiescent PDR when no vessels could be discerned in fibrotic membranes or when no blood could be seen in gliotic vessels in fibrotic membranes \[[@r18]\]. There was no disagreement between the surgeons regarding the categorization of any of the studied eyes. Data regarding each patient's general condition and diabetes control were obtained from the patient and from the patient's general practitioner or diabetologist. The HbA1c level was measured 1 day before surgery. It was deﬁned as a percentage value, which is related to the percentage of hemoglobin that is glycated, and is an index of blood glucose control over the previous 6 to 8 weeks. Arterial hypertension was deﬁned as systolic blood pressure of 140 mmHg or more or diastolic blood pressure of 85 mmHg or more, or both, or as a condition treated with antihypertensive medications. Hyperlipidemia was deﬁned as total cholesterol higher than 5 mM or triglycerides higher than 2 mM, or both, or as a condition treated with hypolipemic medications.

Methods
-------

Samples of peripheral venous blood, undiluted vitreous, and FVMs were obtained during pars plana vitrectomy. Samples of peripheral blood were taken from the cubital vein, stored at room temperature in dark place for 30-45 min and then centrifuged for 10 min at 3000 ×g. Serum was then carefully transfered with a pipette into an Eppendorf tube. Undiluted vitreous samples were obtained at the beginning of vitrectomy by aspiration into a syringe attached to a vitreous cutter before the infusion line with balanced salt solution was opened. Vitreous samples and serum samples were stored in Eppendorf tubes at -80°C until analysis was performed.

The BD Cytometric Bead Array (CBA) Human Soluble Protein Flex Set system (BD Biosciences, San Jose, CA) was used for the detection of IL-1β, TNF-α, MIP-1α (MIP-1α), MIP-1β, MCP-1, IL-6, IL-8, IL-10, IL-12, and VEGF concentrations. Flow cytometric analysis was performed using a FACSCalibur flow cytometer (BD Biosciences). Data were acquired and analyzed with Becton Dickinson CBA software and CellQuest software.

Fibrovascular membranes were obtained during pars plana vitrectomy, gently removed from the eye, and immediately put into a vial with buffered 10% paraformaldehyde for prefixation. The modified agar sandwich method was then used. The agar sandwich consisted of a solid agar disc and agar in liquid state poured over the disc. The solid and the liquid phases were prepared in advance under sterile circumstances in a laminated flow chamber. The 2.25% granulated agar was first melted by heating to almost boiling point. Each agar disc was 8 mm in diameter and approximately 1 mm thick. The agar discs were made by a trephine. The liquid agar was poured into a shallow dish to a depth of 1 mm, left to cool and harden, and cut into discs. Discs were stored in 70% ethanol at 0 °C to 5 °C. For the liquid phase of the agar sandwich, the melted agar was poured into a 10-ml syringe with a cap and stored cold at 0 °C to 5 °C. When a membrane was obtained, an agar disc was removed from the alcohol, rinsed with normal saline, and put onto a slide. A syringe of liquid phase with the cap was put into a water bath until agar melting point (90 °C) and then left to cool but not harden (50 °C). With the aid of a laboratory microscope, the prefixated membrane was gently straightened on the agar disc. Forceps were used only to grasp the edges of the sample. Eosin 0.1% was used to contrast the membrane as needed. The disc was dried with Surgicel (Eytec, Ripon, North Yorkshire, UK). The membrane was then attached to the disc by drops of liquid agar slowly poured from the syringe in a 0.5-mm layer to form the agar sandwich. The agar sandwich was allowed to cool and harden for 2 to 3 min and placed in fixative (buffered 10% paraformaldehyde) \[[@r17]\]. Samples of FVMs were analyzed with immunohistochemical methods for the presence of inflammatory cells, and density was calculated (numerical areal density, NA). Numerical areal density was calculated for CD45 (leukocyte common antigen), CD3 (T lymphocyte marker), CD4 (T helper lymphocyte marker), CD8 (T cytotoxic lymphocyte marker), CD19 (B lymphocyte marker), and CD14 (monocyte/macrophage marker) positive cells \[[@r17],[@r19]\].

Statistical analysis
--------------------

The measurement data collected in the study did not meet the normality assumption, so the median and the range between the minimum and maximum values were used for description. Spearman's correlation was used to assess the association between variables. The Mann--Whitney test was used to assess the differences between independent groups. The Wilcoxon signed-rank test was used for assessing differences between two related samples. A p value of less than 0.05 was considered statistically signiﬁcant. Statistical analyses were performed using SPSS version 21 (SPSS IBM, New York, NY).

Results
=======

Thirty-three patients (33 eyes) with PDR requiring vitreoretinal surgery because of the FVM and tractional detachment were enrolled in the study, and compared with 20 patients (20 eyes) with macular hole (MH; control group). Clinical data of patients with PDR and control subjects are shown in [Table 1](#t1){ref-type="table"}. Clinical data of patients with active PDR and patients with inactive PDR are shown in [Table 2](#t2){ref-type="table"}.

###### Clinical data of patients.

  Clinical data                               PDR (n=33)                             MH (n=20)                        P value
  ------------------------------------------- -------------------------------------- -------------------------------- ---------
  age, y±SD                                   63.27±11.9                             71.2±10.2                        0.02
  sex                                         16 men (48.5%) 17 women (51.5%)        8 men (40.0%) 12 women (60.0%)   0.32
  duration of diabetes, y±SD                  13.85±9.07                             0                                 
  incidence of insulin therapy, n (%)         24 (72.7%)                             0                                 
  HbA1c, %±SD                                 7.93±0.98                              0                                 
  incidence of arterial hypertension, n (%)   31 (93.9%)                             7 (31.8%)                        0.0001
  incidence of hyperlipidemia, n (%)          19 (57.6%)                             6 (27.3%)                        0.0001
  BMI, kg/m^2^±SD                             30.84±4.66                             24.0±6.3                         0.0001
  incidence of NVI, n                         2 (6.1%)                               0                                 
  activity of disease                         active 25 (75.8%) inactive 8 (24.2%)   0                                 

Legend: PDR -- proliferative diabetic retinopathy; MH -- macular hole; BMI -- body mass index; NVI -- iris neovascularization

###### Clinical data of patients with active and inactive PDR.

  Clinical data                               active PDR (n=25)             inactive PDR (n=8)          P value
  ------------------------------------------- ----------------------------- --------------------------- ---------
  age, y±SD                                   61.56±12.73                   68.63±6.98                  0.15
  sex                                         14 men (56%) 11 women (44%)   2 men (25%) 6 women (75%)   0.13
  duration of diabetes, y±SD                  11.68±8.42                    20.63±8.03                  0.013
  incidence of insulin therapy, n (%)         17 (68%)                      7 (87.5%)                   0.29
  HbA1c, %±SD                                 7.86±0.97                     8.16±1.05                   0.45
  incidence of arterial hypertension, n (%)   23 (92%)                      8 (100%)                    0.43
  incidence of hyperlipidemia, n (%)          14 (56%)                      5 (62.5%)                   0.75
  BMI, kg/m^2^±SD                             31.15±4.52                    29.88±5.3                   0.51
  incidence of NVI, n (%)                     2 (8%)                        0                           0.42

Legend: PDR -- proliferative diabetic retinopathy; MH -- macular hole; BMI -- body mass index; NVI -- iris neovascularization

Patients with PDR had statistically significantly higher vitreous levels of MCP-1 (p = 0.0001), VEGF (p = 0.0001), IL-8 (p = 0.0001), and IL-6 (p = 0.0001) in comparison with the vitreous levels of the control group (MH; [Table 3](#t3){ref-type="table"}). In patients with PDR, higher levels of cytokines (MCP-1, IL-6, IL-8, VEGF, IL-1β, and TNF-α) were found in the vitreous in comparison with serum ([Table 4](#t4){ref-type="table"}). Patients with active PDR had statistically significantly higher levels of MCP-1 (p = 0.003), VEGF (p = 0.009), and IL-8 (p = 0.02) in vitreous in comparison with those with inactive PDR ([Table 5](#t5){ref-type="table"}).

###### Comparison of samples from patients with PDR and patients with MH -- median (minimum-maximum); Mann--Whitney test.

  Cytokine         vitreous                    serum                                                                            
  ---------------- --------------------------- ------------------------- -------- ---------------------- ---------------------- ------
  MCP-1 (pg/ml)    1614.98 (403.05--3990.74)   374.17 (295.01--881.87)   0.0001   72.6 (25.06--169.65)   43.4 (30.24--76.64)    0.02
  IL-8 (pg/ml)     93.29 (20.04--295.71)       14.49 (13.12--16.64)      0.0001   11.99 (10.12--31.69)   12.71 (11.21--13.33)   0.84
  IL-6 (pg/ml)     60.82 (13.64--798.23)       6 (5.28--8.1)             0.0001   5.46 (2.41--24.76)     9.14 (5.81--298.4)     0.02
  VEGF (pg/ml)     304.64 (26.41--1439.3)      4.58 (3.5--31.79)         0.0001   38.66 (6.17--105.56)   25.73 (17.62--63.61)   0.55
  IL-1β (pg/ml)    9.15 (7.51--67.36)          10.5 (7.7--35.99)         0.51     7.6 (6.91--15.16)      7.7 (7.11--95.55)      0.55
  TNF-α (pg/ml)    13.41 (3.26--69.09)         21.5 (5.16--38.4)         0.25     5.7 (2.9--23.35)       4.79 (4,0--98.76)      0.82
  MIP-1α (pg/ml)   9.55 (6.9--68.26)           14.25 (9.76--47.34)       0.004    15.07 (7.78--91.74)    20.38 (11.83--91.07)   0.27
  MIP-1β (pg/ml)   12.09 (2.9--38.02)          13.44 (0.9--14.4)         0.31     18.76 (6.89--48.83)    17.72 (15.51--60.5)    0.80
  IL-10 (pg/ml)    5.67 (4.9--8.12)            6.05 (5.84--6.08)         0.02     7.4 (5.3--15.28)       6.63 (5.7--58.43)      0.67
  IL-12 (pg/ml)    3.17 (0.68--22.26)          3.99 (2.56--11.18)        0.04     17.7 (2.49--42.91)     18.84 (7.09--71.71)    0.25

Legend: PDR -- proliferative diabetic retinopathy; MH -- macular hole; IL-1β - interleukin-1β; TNF-α - tumor necrosis factor-α; MIP-1α - macrophage inflammatory protein-1α; MIP-1β - macrophage inflammatory protein-1β; MCP-1 - monocyte chemoattractant protein-1; IL-6 - interleukin-6; IL-8 - interleukin-8; IL-10 - interleukin-10; IL-12 - interleukin-12; VEGF - vascular endothelial growth factor

###### Paired comparison of vitreous and serum samples from patients with PDR -- median (minimum-maximum); Wilcoxon signed rank test.

  Cytokine         patients with PDR (n=33)                           
  ---------------- --------------------------- ---------------------- --------
  MCP-1 (pg/ml)    1614.98 (403.05--3990.74)   72.6 (25.06--169.65)   0.0001
  IL-8 (pg/ml)     93.29 (20.04--295.71)       11.99 (10.12--31.69)   0.0001
  IL-6 (pg/ml)     60.82 (13.64--798.23)       5.46 (2.41--24.76)     0.0001
  VEGF (pg/ml)     304.64 (26.41--1439.3)      38.66 (6.17--105.56)   0.0001
  IL-1β (pg/ml)    9.15 (7.51--67.36)          7.6 (6.91--15.16)      0.002
  TNF-α (pg/ml)    13.41 (3.26--69.09)         5.7 (2.9--23.35)       0.005
  MIP-1α (pg/ml)   9.55 (6.9--68.26)           15.07 (7.78--91.74)    0.002
  MIP-1β (pg/ml)   12.09 (2.9--38.02)          18.76 (6.89--48.83)    0.009
  IL-10 (pg/ml)    5.67 (4.9--8.12)            7.4 (5.3--15.28)       0.001
  IL-12 (pg/ml)    3.17 (0.68--22.26)          17.7 (2.49--42.91)     0.0001

Legend: PDR -- proliferative diabetic retinopathy; IL-1β - interleukin-1β; TNF-α - tumor necrosis factor-α; MIP-1α - macrophage inflammatory protein-1α; MIP-1β - macrophage inflammatory protein-1β; MCP-1 - monocyte chemoattractant protein-1; IL-6 - interleukin-6; IL-8 - interleukin-8; IL-10 - interleukin-10; IL-12 - interleukin-12; VEGF - vascular endothelial growth factor

###### Comparison of vitreous samples from patients with active PDR and inactive PDR -- median (minimum-maximum); Mann--Whitney test.

                   Patients with PDR (n=33)                                  
  ---------------- ------------------------------ -------------------------- -------
  MCP-1 (pg/ml)    1625.84 (441.3--3990.74)       929.35 (403.05--1625.84)   0.003
  IL-8 (pg/ml)     114.15 (37.57--295.71)         52.53 (20.04--147.13)      0.02
  IL-6 (pg/ml)     65.08 (23.7--798.23)-295.71)   27.43 (13.64--220.31)      0.09
  VEGF (pg/ml)     500.89 (26.41--1439.3)         147.97 (29.86--304.64)     0.009
  IL-1β (pg/ml)    8.13 (7.51--67.36)             19.51 (7.71--33.93)        0.55
  TNF-α (pg/ml)    13.41 (3.26--69.09)            13.62 (3.51--31.52)        0.91
  MIP-1α (pg/ml)   6.9 (6.9--68.26)               11.31 (6.9--28.16)         0.49
  MIP-1β (pg/ml)   12.02 (2.9--30.67)             14.46 (4.56--38.02)        0.52
  IL-10 (pg/ml)    5.61 (4.9--6.9)                5.78 (5.37--8.12)          0.20
  IL-12 (pg/ml)    2.77 (0.68--14.99)             3.48 (1.07--22.26)         0.55

Legend: PDR -- proliferative diabetic retinopathy; MH -- macular hole; IL-1β - interleukin-1β; TNF-α - tumor necrosis factor-α; MIP-1α - macrophage inflammatory protein-1α; MIP-1β - macrophage inflammatory protein-1β; MCP-1 - monocyte chemoattractant protein-1; IL-6 - interleukin-6; IL-8 - interleukin-8; IL-10 - interleukin-10; IL-12 - interleukin-12; VEGF - vascular endothelial growth factor

Strong correlations were found between VEGF and IL-8 (Spearman's coefficient 0.74; p = 0.0001), between VEGF and MCP-1 (Spearman\'s coefficient 0.64; p = 0.0001), between VEGF and IL-6 (Spearman's coefficient 0.59; p = 0.0001), between MCP-1 and IL-8 (Spearman's coefficient 0.76; p = 0.0001), between MCP-1 and IL-6 (Spearman's coefficient 0.81; p = 0.0001), and between IL-8 and IL-6 (Spearman's coefficient 0.69; p = 0.0001). There were weak correlations between VEGF and MIP-1α (Spearman's coefficient 0.33; p = 0.03), between IL-8 and IL-1β (Spearman's coefficient 0.3; p = 0.048), between IL-8 and IL-12 (Spearman's coefficient 0.3; p = 0.04), between IL-10 and IL-12 (Spearman's coefficient 0.4; p = 0.007), between IL-10 and MIP-1α (Spearman's coefficient 0.38; p = 0.01), between IL-6 and MIP-1α (Spearman's coefficient 0.33; p = 0.03), and between IL-1β and MIP-1β (Spearman's coefficient 0.33; p = 0.03).

Capillary-like structures in a ﬁbrous matrix containing several mononuclear cells were observed in all hematoxyilin-eosin-stained sections of FVMs. CD45+ (leukocyte common antigen), CD14+ (monocyte/macrophage), CD3+ (T lymphocyte marker), CD4+ (T helper lymphocyte marker), CD8+ (T cytotoxic lymphocyte marker), and CD19+ (B lymphocyte marker) cells were identified in FVMs of patients with PDR. Statistically significantly higher numerical areal density of the T lymphocytes (CD3+, CD4+, and CD8+) was demonstrated in patients with active PDR in comparison with patients with inactive PDR ([Table 6](#t6){ref-type="table"}).

###### Comparison of numerical areal densities (N~A~) of inflammatory cells in FVMs of patients with acitve PDR and patients with inactive PDR -- median (minimum-maximum); Mann--Whitney test.

  Numerical areal density (N~A~)   PDR (n=33)               active PDR (n=25)         inactive PDR (n=8)       P value
  -------------------------------- ------------------------ ------------------------- ------------------------ ---------
  N~A~ of CD45+ cells per mm^2^    237.31 (0--1253.99)      237.31 (38.80--1253.99)   205.03 (0--442.07)       0.27
  N~A~ of CD3+ cells per mm^2^     22.86 (0--178.57)        45.45 (10.85--178.57)     12.17 (0--22.86)         0.008
  N~A~ of CD4+ cells per mm^2^     39.37 (0--535.71)        90.85 (6.51--535.71)      21.51 (0--31.25)         0.003
  N~A~ of CD8+ cells per mm^2^     35.24 (0--408.65)        35.24 (0--408.65)         30.27 (0--64.58)         0.16
  N~A~ of CD19+ cells per mm^2^    4.34 (0--115.27)         11.16 (0--115.27)         0 (0--0)                 0.001
  N~A~ of CD14+ cells per mm^2^    216.2 (21.48--1529.02)   207.13 (21.48--1529.02)   261.36 (99.81--525.00)   0.95

Legend: PDR -- proliferative diabetic retinopathy; N~A~- numerical areal density; CD45+ cells -- leukocytes; CD3+ cells - T lymphocytes; CD4+ cells -(T helper lymphocytes; CD8+ cells - T cytotoxic lymphocytes; CD19+ cells - B lymphocytes; CD14+ cells - monocytes/macrophages

Moderate to strong correlations were found between either MCP-1 or IL-8 in the vitreous and the numerical areal density of cells (CD45+, CD3+, CD4+, and CD8+) in the FVMs ([Figure 1](#f1){ref-type="fig"} and [Figure 2](#f2){ref-type="fig"}). A moderate correlation was found between MCP-1 in the vitreous and the numerical areal density of CD14+ cells in the FVMs. There was a weak correlation between IL-8 in the vitreous and the numerical areal density of CD14+ cells in the FVMs ([Figure 3](#f3){ref-type="fig"}).

![Correlations between MCP-1 and the numerical areal densities of lymphocytes (Spearman\'s coefficent r). Upper left: correlation between MCP-1 and the numerical areal density of CD45+ cells (r = 0.47; p = 0.008); upper right: correlation between MCP-1 and the numerical areal density of CD3+ cells (r = 0.66; p = 0.0001); lower left: correlation between MCP-1 and the numerical areal density of CD4+ cells (r = 0.71; p = 0.0001); lower right: correlation between MCP-1 and numerical areal density of CD8+ cells (r = 0.51; p = 0.003). Numerical areal density, N~A~.](mv-v26-472-f1){#f1}

![Correlations between IL-8 and the numerical areal densities of lymphocytes (Spearman\'s coefficent r). Upper left: correlation between IL-8 and the numerical areal density of CD45+ cells (r = 0.53; p = 0.002); upper right: correlation between IL-8 and the numerical areal density of CD3+ cells (r = 0.58; p = 0.002); lower left: correlation between IL-8 and the numerical areal density of CD4+ cells (r = 0.46; p = 0.009); lower right: correlation between IL-8 and the numerical areal density of CD8+ cells (r = 0.58; p = 0.001). Numerical areal density, N~A~.](mv-v26-472-f2){#f2}

![Correlation between MCP-1 and the numerical areal densities of monocytes/macrophages and between IL-8 and the numerical areal densities of monocytes/macrophages (Spearman\'s coefficent r). Left: correlation between MCP-1 and the numerical areal density of CD14+ cells (r = 0.48; p = 0.005); right: correlation between IL-8 and the numerical areal density of CD14+ cells (r = 0.38; p = 0.034). Numerical areal density, N~A~.](mv-v26-472-f3){#f3}

There were strong correlations between IL-6 and the numerical areal density of either CD8+ cells (Spearman\'s coefficient 0.62; p = 0.0001) or CD45+ cells (Spearman\'s coefficient 0.68; p = 0.0001). This study showed a moderate correlation of IL-1β vitreous levels with CD14+ cells (monocytes/macrophages; Spearman's coefficient 0.43; p = 0.017).

Finally, there was no correlation between VEGF and the numerical areal density of any of the cells in the FVM. Moreover, this study found no correlation between other tested cytokines (TNF-α, MIP-1α, MIP-1β, IL-10, and IL-12) and inflammatory cells in the FVMs of patients with PDR.

Discussion
==========

In this study, we demonstrated that vitreous levels of MCP-1 and IL-8 correlated well with the density of T lymphocytes and monocytes/macrophages in FVMs. There were also correlations between IL-6 and T lymphocytes (CD8+ cells) and between IL-1β and monocytes/macrophages (CD14+ cells). To our knowledge, this is the first study reporting the correlation of vitreous inflammatory chemokines (MCP-1, IL-8, IL-6, and IL-1β) with T lymphocytes and/or monocytes/macrophages in the FVM of patients with PDR.

The mechanisms of immune changes in diabetes and diabetic complications are not completely understood. Macrophages, lymphocytes, and cytokines are involved in low-grade inflammation in diabetes leading to retinal and vascular changes in PDR \[[@r20]\]. Cytokines are involved in leukocyte activation; they modulate cell proliferation and promote angiogenesis \[[@r21]\]. Cytokines that are produced locally in the eye may directly or indirectly influence the development of DR.

This study demonstrated increased vitreous cytokine levels (MCP-1, IL-6, IL-8, and VEGF) in PDR in comparison with control subjects (MH). Moreover, patients with active PDR had statistically significantly higher vitreous levels of MCP-1, VEGF, and IL-8 in comparison with those with inactive PDR. Higher levels of cytokines (MCP-1, IL-6, IL-8, and VEGF) were found in the vitreous of patients with PDR in comparison with the serum levels. Similarly, increased numerical areal density of lymphocytes (CD3+, CD4+, and CD19+ cells) was found in patients with active PDR compared to patients with inactive PDR. Finally, vitreous cytokines (MCP-1 and IL-8 levels) statistically significantly correlated with the numerical areal density of inflammatory cells in FVM in patients with PDR, and these data are in agreement with data from various preclinical and clinical studies indicating the importance of local intraocular low-grade inflammation in PDR \[[@r2],[@r13],[@r22]\].

MCP-1 is a chemokine that recruits monocytes, macrophages, and T lymphocytes to sites of tissue injury, infection, and inflammation \[[@r23]\]. Many types of cells produce MCP-1, but monocytes/macrophages have been found to be the major source of this chemokine \[[@r24]\]. Harada and colleagues demonstrated with immunohistochemical analysis that MCP-1 is widely distributed to glial cell components of FVMs, where it is thought to play an important role for the recruitment of inflammatory macrophages and trigger their transmigration through the vascular endothelial cell layer \[[@r23]\]. The present results are in agreement with several studies that showed higher MCP-1 levels in the vitreous of patients with PDR in comparison with the control group, and correlated with the activity of PDR \[[@r2],[@r25]-[@r27]\]. Moderate to strong correlations of vitreous MCP-1 with T lymphocytes (CD3+, CD4+, and CD8+ cells) and monocytes/macrophages (CD14+ cells) in FVMs of patients with PDR, found in the present study, are expected to be the result of its chemotactic effect leading to chronic inflammatory or proliferative disorders.

IL-8 is produced by endothelial and glial cells in retinas with ischemic angiogenesis. Yoshida and coworkers showed that vitreous fluid with high concentrations of IL-8 induced intraocular neoangiogenesis \[[@r28]\]. IL-8 is a chemotactic cytokine for neutrophils and T lymphocytes \[[@r28]\]. Higher levels of IL-8 in the vitreous of patients with PDR in comparison with the control group, found in the present study, are in agreement with the results of Hernandez and coworkers \[[@r27]\]. Moderate correlations of vitreous IL-8 with T lymphocytes (CD3+, CD4+, CD8+ cells) and monocytes/macrophages (CD14+ cells) in FVMs of patients with PDR seem consistent with IL-8 chemotactic function. This could also explain the higher levels of IL-8 and greater numerical areal density of inflammatory cells in patients with active PDR.

Although vitreous levels of MCP-1 and IL-8 were statistically significantly higher in patients with active PDR compared to patients with inactive PDR, and correlations were found between either MCP-1 or IL-8 in vitreous and cells in the FVMs, there was no difference between the numerical areal density of CD14+ cells in patients with active or inactive PDR. The reason for this apparent contradiction could be the expression of CD14+ in other types of cells in FVMs. We used the CD14+ marker to differentiate monocytes/macrophages from other CD45+ cells. However, the CD14+ marker is also expressed in fibroblasts and activated microglia \[[@r29]-[@r31]\]. We speculate that more monocytes/macrophages and activated microglia were detected in FVMs of patients with active PDR, and more fibroblasts were detected as CD14+ cells in FVMs of patients with inactive PDR. We were not able to differentiate among these different types of CD14+ cells, and this could have affected the findings.

In addition to the role of IL-8 in PDR in this study, IL-6, a pleiotropic cytokine and a primary mediator of the acute phase response, was found to be an important cytokine. Vitreous levels of IL-6 were found to be elevated in PDR, although the difference between active and inactive forms was not statistically significant. Gustavsson et al., however, reported a correlation between vitreous levels of IL-6 and the stage of the disease \[[@r32]\]. We found strong correlations between vitreous levels of IL-6 and CD45+ cells and between vitreous levels of IL-6 and CD8+ cells. This is in agreement with the known effects of IL-6 on immune cell recruitment and vascular changes. IL-6 has many important effects on blood vessels, including endothelial activation, immune cell recruitment, vascular permeability, and vascular fibrosis \[[@r33]\]. It is presumed that IL-6 may cause increased vascular permeability directly by stimulating endothelial expression of adhesion molecules \[[@r33]\], or indirectly by inducing the expression of VEGF \[[@r1],[@r34]\].

Higher vitreous levels of VEGF, a potent proangiogenic cytokine, in patients with PDR in the present study are in agreement with several previous studies \[[@r1],[@r2],[@r35]\]. Moreover, several studies reported a correlation between vitreous VEGF levels and the activity of PDR \[[@r1],[@r2],[@r35]\], and these findings are in agreement with those of the present study. Many cells in the eye can produce VEGF, including RPE cells, pericytes, glial cells, and ganglion cells, but the main player in the secretion of and response to VEGF is endothelial cells \[[@r36],[@r37]\]. VEGF has been shown to be secreted by T lymphocytes on stimulation by specific antigens or by IL-2 and hypoxia. Activated T lymphocytes might enhance angiogenesis \[[@r37]\]. Yoshimura and coworkers showed that VEGF, MCP-1, IL-8, and IL-6 were significantly elevated in the vitreous of patients with PDR, were correlated with each other, and increased synchronizing \[[@r1]\]. Although we found statistically significant correlations between VEGF, MCP-1, IL-8, and IL-6, there was no correlation between VEGF and inflammatory cells in the FVM in patients with PDR. We speculate that other cytokines may have a greater effect on inflammatory cells than VEGF in the microenvironment of FVMs.

IL-1β, a multifunctional proinflammatory cytokine and the main trigger and amplifier of neuroinflammation, failed to demonstrate any statistically significant effect in the present study involving patients with PDR. There were no statistically significant differences in either the vitreous or serum level of IL-1β in PDR in comparison with the control group, and no differences in the vitreous levels of IL-1β between the active and inactive forms of PDR. However, we found a moderate correlation between the vitreous levels of IL-1β and monocytes/macrophages (CD14+ cells). We speculate that this correlation might be caused by the production of IL-1β in activated glial cells that express the CD14+ antigen \[[@r30],[@r31]\]. The detection of IL-1β is difficult because this cytokine has a short half-life. For this reason, there have been only a few studies reported thus far in which higher levels of IL-1β were found in the vitreous samples of patients with DR in comparison with the control group \[[@r8],[@r35],[@r38]\]. On the contrary, IL-1β was not found in the vitreous of patients with PDR in the study by Yoshimura and coworkers because the concentrations were below the limits of detection \[[@r1]\].

The present study showed lower levels of some other cytokines (MIP-1α, IL-10, and IL-12) in patients with PDR in comparison with control subjects. Similarly, in patients with PDR some cytokine levels (TNF-α) were higher, whereas most cytokine levels were even lower (MIP-1α, MIP-1β, IL-10, and IL-12) in the vitreous compared to serum levels. Finally, there were no statistically significant differences in the tested cytokines (TNF-α, MIP-1α, MIP-1β, IL-10, and IL-12) between the vitreous of patients with active PDR and patients with inactive PDR. We did not find any correlation between TNF-α, MIP-1α, MIP-1β, IL-10, or IL-12 and inflammatory cells in the FVMs of patients with PDR.

TNF-α, a proinflammatory cytokine with short half-life, is difficult to detect. TNF-α levels were found to be higher in the serum of diabetic patients in comparison with the control group, and correlated with the stage of DR \[[@r8],[@r10]\]. El-Asrar and coworkers found TNF-α to be present on endothelial and stromal cells in fibrovascular membranes of patients with PDR \[[@r39]\]. TNF-α was undetectable in the vitreous of patients with PDR in the study by Yoshimura and coworkers \[[@r1]\]. Contrary to Yoshimura et al.'s results, we did not find differences in the vitreous levels of TNF-α in patients with PDR in comparison with the control group.

MIP-1α and MIP-1β, produced by macrophages, activate granulocytes and induce the release of proinflammatory cytokines, such as IL-1, IL-6, and TNF-α \[[@r4]\]. Some studies could not detect MIP-1α and MIP-1β either in the vitreous of patients with PDR or in the vitreous of the control group \[[@r4]\]. However, Yoshimura and coworkers found MIP-1β in the vitreous of some patients with PDR \[[@r1]\]. We were able to prove the presence of MIP-1α in 21 vitreous samples out of 33, and MIP-1β in all vitreous samples of patients with PDR. The vitreous levels of MIP-1α and MIP-1β did not differ statistically significantly between the patients with PDR and the control subjects. Based on the present results, we speculate that these two cytokines probably do not have an important role in the pathogenesis of DR.

Vitreous levels of IL-10 in this study were statistically significantly lower in patients with PDR in comparison with the control group. Furthermore, the findings are not in agreement with the results of Mao and coworkers who found higher levels of the anti-inflammatory cytokine IL-10 in the vitreous of patients with PDR \[[@r38]\]. On the contrary, levels of IL-10 were not found to be higher in the study by Hernandez and coworkers who concluded that higher levels of inflammatory cytokines do not necessarily induce higher expression of cytokines with anti-inflammatory effects \[[@r26]\]. Similarly, Zhou and coworkers found no difference in the vitreous levels of IL-10 between patients with PDR and the control group \[[@r7]\]. Moreover, in the present study there were no statistically significant differences in vitreous levels of IL-10 between patients with active and inactive forms of PDR. Based on the present results, and in accordance with the conclusions of Hernandez and coworkers, IL-10 probably does not have any significant role in the pathogenesis of DR.

IL-12 is an inflammatory cytokine with presumably antiangiogenic effects \[[@r40]\]. In the present study, we found statistically significant differences in the vitreous levels of IL-12 between the cases and controls. IL-12 vitreous levels were lower in patients with PDR. Contrary to these findings, higher levels of IL-12 have been reported in the aqueous humor in the treatment naive patients with DR in comparison with treated patients and the control group \[[@r40]\]. Interestingly, in patients with PDR we found statistically significantly lower levels of IL-12 in the vitreous in comparison with serum levels. Moreover, vitreous IL-12 levels in PDR did not reflect the activity of the disease in the present study, because we did not find any statistically significant difference in vitreous IL-12 levels between cases with the active and inactive forms of PDR. All these findings regarding vitreous IL-12 levels might be in accordance with the lack of a statistically significant effect of IL-12 on the density of inflammatory cells in the FVM of patients with PDR. The findings reported in this study concerning TNF-α, MIP-1α, MIP-1β, IL-10, or IL-12 (lack of correlation of TNF-α, MIP-1α, MIP-1β, IL-10, or IL-12 with inflammatory cells in FVMs of patients with PDR) indicate that these cytokines do not have an important role in the inflammatory FVM microenvironment in patients with PDR.

In conclusion, statistically significant differences were demonstrated in cytokine levels in the vitreous either between active and inactive PDR or between vitreous and serum levels in PDR. To emphasize, this study demonstrated that vitreous levels of some cytokines (MCP-1, IL-8, IL-6, and IL-1β) statistically significantly correlate with the density of inflammatory cells in the FVM, and most probably have a more important role in the development of PDR in comparison with some other cytokines, such as TNF-α, MIP-1α, MIP-1β, IL-10, or IL-12. These findings indicate the importance of local intraocular inflammation in patients with PDR.
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